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PROCESS FOR MANUFACTURING COPPER FOIL ON A METAL 

CARRIER SUBSTRATE 

Field of the invention 
[0001 1 The present invention relates to a process for forming a releasable 

metal layer on a metal carrier substrate, and more particularly to a process involving 
both vapor deposition and electrodeposition to fomi a releasable copper layer on a 
carrier substrate. 

Background of the Invention 
[0002 1 In the electronics industry, increased functionality continues to be 

integrated into smaller, lighter, and less costly electronic devices. The width of the 
copper trace lines on a printed wiring board (PWB) has a significant influence on the 
size of the printed wiring board, and the amount of functionality that can be crammed 
into the allotted space. Accordingly, the electronics industry continually strives for 
finer lines and spaces to provide smaller, lighter and less expensive electronic devices 
having greater functionality. The minimum width of the copper trace lines attainable 
by a subtractive etching process is strongly influenced by the thickness of the copper 
foil on the surface of the laminate. Thinner copper foil enables the fabrication of 
narrower trace lines. 

[0003] Further, in this regard, multi-layer PWBs increasingly use microvia 

technology to make interconnections between conductive layers. A microvia is 
generally defined as a via (''electrical path") that is less than 0.1 mm in diameter 
between two layers of a circuit board structure. The microvias are preferably 
produced by a laser that ''drills" small holes through layers of the PWB. It has been 
found that copper foil having a thickness less than 5^m is more advantageous than 
thicker copper foils in a laser drilling process, in that lasers currently used in forming 
microvias more easily drill through thin copper foil than thicker copper foils. Thus, 
thinner copper foils are more desirous in fonning multi-layer printed wiring boards in 
that they facilitate finer trace lines and are easier to drill using present laser processes. 
[0004] The present invention relates to a method of forming thin copper foil on 

a carrier substrate, which copper foil is for use in fonning printed wiring boards. 



Summary of the Invention 

1 0005 1 In accordance with the present invention, there is provided a method 

for producing a releasable copper foil on a carrier substrate. The method includes the 

steps of: (a) vapor-depositing a layer of copper onto a carrier substrate having a 
separation facilitating layer fonned thereon, wherein the vapor-deposiled layer- 
protects the separation facilitating layer during subsequent processing; and (b) 
electrodepositing a layer of copper onto the vapor-deposited layer of the metal, 
thereby increasing the thickness of the copper layer. 

[00061 According to another aspect of the present invention, there is provided 

a component for use in forming a printed wiring board, comprising: a carrier substrate; 
a separation facilitating layer formed on the carrier substrate; a vapor-deposited layer 
of copper on the separation facihtating layer, wherein the vapor-deposited layer 
protects the separation facilitating layer; and an electrodeposited layer of copper on 
the vapor-deposited layer. 

[0007] It is an object of the present invention to provide a thin copper foil for 

use in foniiing a printed wiring board. 

[0008J It is another object of the present invention to provide a releasable thin 

copper foil on a carrier substrate having a separation facilitating layer. 

[00091 It is another object of the present invention to provide a releasable thin 

copper foil on a carrier substrate having a protective layer of vapor-deposited copper 

for protecting a separation facilitating layer during subsequent processing. 

[00101 It is another object of the present invention to provide a thin copper foil 

on a carrier substrate as described above, that can be easily handled. 

[00111 Another object of the present invention to provide a thin copper foil 

that enhances the yield and productivity of a PWB production process. 

[001 2J A still further object of the present invention is to provide a novel 

process for manufacture of a relatively thin copper foil. 

10013] A still further object of the present invention is to provide a process for 

manufacture of a thin copper foil on a carrier substrate that has reliable releaseability 
from the carrier. 

[0014] Yet another object of the present invention is to provide a process as 

described above for manufacture of a thin copper foil that has a relatively low 
porosity. 



(00151 These and other objects will become apparent from the following 

description of a preferred embodiment taken together with the accompanying 
drawings and the appended claims. 

Brief Description of the Drawings 

[00161 The invention may take physical form in certain parts and an-angement 

of parts, a preferred embodiment of which will be described in detail in the 
specification and illustrated in the accompanying drawings which form a part hereof, 
and wherein: 

|0017| FIG. 1 is a cross-sectional view of a releasable copper foil on a metal 

carrier substrate, according to the present invention; 

[00181 FIG. 2 is a schematic view of a process for applying copper onto a 

surface of a carrier substrate in accordance with a preferred embodiment of the present 
invention; 

[001 9| FIG. 3 is an enlarged partial cross-sectional view taken along lines 3-3 

of FIG. 2 showing a carrier substrate in the fonn of a sheet of copper foil; 
[00201 FIG. 4 is an enlarged partial cross-sectional view taken along lines 4-4 

of FIG. 2, showing the sheet of copper foil of FIG. 3 with a separation facilitating 
layer thereon; 

[0021] FIG. 5 is an enlarged partial cross-sectional view taken along lines 5-5 

of FIG. 2, showing the sheet of copper foil of FIG. 4 with a vapor-deposited copper 
layer thereon; and 

[0022] FIG. 6 is an enlarged partial cross-sectional view taken along lines 6-6 

of FIG. 2, showing the sheet of copper foil of FIG. 5 with an electrodeposited copper 
layer thereon. 

Detailed Description of Preferred Embodiment 
[0023] Referring now to the drawings wherein the showings are for the 

purpose of illustrating the preferred embodiment of the invention only, and not for the 
purpose of limiting same, FIG. 1 is a cross-sectional view of a releasable copper foil 
60 on a metal carrier substrate 12, according to the present invention. Copper foil 60 
is comprised of a vapor-deposited layer 29 and an electrodeposited layer 59, as will be 
described in further detail below. 



|0024| It will be appreciated that the present invention is described herein with 

particular reference to manufacture of a relatively thin copper foil, namely a releasable 
copper foil of about 0.5 oz/ft^ or less. As is known in the prior art, foil of such 
dimension is not well suited to handling in the absence of a carrier substrate. It is 
contemplated that the present invention may also find advantageous application in the 
manufacture of copper foils having a wide range of thicknesses. 

|0025| Carrier substrate 12 is formed of a material, including but not limited 

to, copper, aluminum, tin, chromium, nickel, stainless steel, and plated carbon steel. A 
separation facilitating layer 29 is located betw^een copper foil 60 and earner substrate 
12, to allow carrier substrate 12 to be separable from copper foil 60, as will be 
explained in detail below. 

[0026] Separation facilitating layer 29 may be a naturally occurring layer of 

carrier substrate 12, or may be added to a surface of carrier substrate 12 through 
additional processing of carrier substrate 12. Most metals naturally form an oxide 
layer that is suitable as a separation facilitating layer 29, while other metals require 
additional processing to add a suitable separation facilitating layer 29, as described in 
detail below. 

[0027] By way of example and not limitation, separation facilitating layer 29 

may be suitably formed of metal oxides and organic materials. Metal oxides suitable 
as separation facilitating layer 29 naturally occur for some metals, including but not 
limited to, copper, aluminum, tin, chromium, nickel, and stainless steel. The 
naturally-occurring oxide layer fonns when the metal is exposed to air. 
[0028] Metals naturally form an oxide layer, but the oxide composition and 

thickness for some metals (e.g., copper) is highly variable giving rise to separation 
inconsistency when such oxide layer (e.g., copper oxide) is used as a separation 
facilitating layer 29. Thus, additional processing to add a suitable separation 
facilitating layer 29 is preferred for some metals. Such metals include, but are not 
limited to, copper and steel. For example, in accordance with a preferred embodiment, 
a carrier substrate 12 formed of copper undergoes a conventional stabilization process 
to apply a stabilization layer to carrier substrate 12. The stabilization layer functions 
as separation facilitating layer 29. The stabilization layer is comprised of metal 
oxide(s) suitable as separation facilitating layer 29. The metal oxide(s) include by 
way of example and not limitation, zinc oxide and chromium oxide. 



10029) In the case of a carrier substrate 12 fomied of steel, the carrier substrate 

12 may undergo a plating process to add a layer of metal having an oxide layer 
suitable as separation facilitating layer 29. The plated layer of metal may take the 
fomi of, by way of example and not limitation, tin, chromium and nickel (that as 
indicated above naturally fonn a suitable oxide layer) and stabilized copper (i.e., 
copper having undergone a stabilization process to apply a stabilizer layer thereto). 
10030] As indicated above, organic materials may also be used as a suitable 

separation facilitating layer 29. Suitable organics include, but are not limited to, 
silane, benzotriazole (BTA), and isopropyl alcohol (isopropanol). 
[0031] It has been recognized that electrodepositing of copper directly onto 

separation facilitating layer 29 is not possible in that separation facilitating layer 29 
formed of metal oxide(s) or organic material(s) will dissolve if immersed into an 
electrolyte (e.g., an acid plating solution containing copper) or any other plating 
solution. To prevent dissolution of separation facilitating layer 29 in the acid bath, a 
very thin layer 49 of copper is deposited onto separation facilitating layer 29 by vapor 
deposition, as will be described below. An additional layer 59 of copper is 
electrodeposited onto vapor-deposited copper layer 49 to provide a copper layer 60 of 
a desired thickness. It should be understood that vapor-deposited copper layer 49 
protects separation facilitating layer 29 during the electrodeposition process. 
Accordingly, separation facilitating layer 29 is preserved so that it can operate to 
facilitate the separation of carrier substrate 12 from copper layer 60 during use of the 
present invention, as will be discussed in further detail below. 

[0032] The present invention will now be described in further detail in 

connection with a prefeired embodiment. In the preferred embodiment, carrier 
substrate 12 takes the form of a copper foil, and separation facilitating layer 29 takes 
the fonn of a stabilization layer. 

[0033] FIG. 2 is a schematic view of a generally continuous manufacturing 

process 10 for applying a metal (preferably copper) onto a surface of carrier substrate 
12 (preferably copper foil), illustrating a preferred embodiment of the present 
invention. In the embodiment shown, a roll 1 1 provides a generally continuous strip 
of carrier substrate 12. FIG. 3 is an enlarged partial cross-sectional view of carrier 
substrate 12. Copper foils typically have nominal thicknesses ranging from 0.005 mm 
(0.0002 inches) to 0.50 mm (0.02 inches). Copper foil thickness is frequently 



expressed in terms of weight per unit area, and typically the foils of the present 
invention have weights ranging from 1/8 oz/ft^ to 14 oz/ft". Especially useful in 
forming printed circuit boards are copper foils having weights of 1/8, 1/3, V2, 1 or 2 
oz/ft". In accordance with a preferred embodiment, carrier substrate 12 is an 
electrodeposited copper foil having a weight per unit area of 0.5 oz/ft^ to 3 oz/ft", and 
preferably about 1 oz/ft'. Carrier substrate 12 has a shiny side 14 and a matte side 16. 
It will be appreciated by those skilled in the art that carrier substrate 12 may also be a 
rolled (wrought) copper foil. 

[0034] While in a preferred embodiment of the present invention described 

herein a copper layer is applied to shiny side 14 of earner substrate 12, it is 
contemplated that the copper layer may alternatively be applied to matte side 16, or to 
both shiny side 14 and matte side 16. Moreover, as indicated above, it is also 
contemplated that metals other than copper may be suitable for use as the carrier 
substrate. 

[0035] Carrier substrate 12 first undergoes a process 20, to apply separation 

facilitating layer 29, that facilitates the separation of a copper layer from canier 
substrate 12, In the illustrated embodiment, process 20 is a stabilization process to 
apply a conventional stabilization layer to carrier substrate 12. Carrier substrate 12 is 
directed into a tank 22 and around a guide roll 24. Carrier substrate 12 is positioned 
relative to guide roll 24 by guide rollers 26. Tank 22 contains an electrolytic solution. 
[00361 In accordance with a preferred embodiment of the present invention, 

the electrolytic solution contains zinc ions and chromium ions to produce a separation 
facilitating layer 29 in the form of a stabilization layer containing zinc oxide and 
chromium oxide. The source of zinc ions for the electrolytic solution can be any zinc 
salt, examples include ZnS04, ZnCOj, ZnCr04, etc. The source of chromium ions for 
the electrolytic solution can be any hexavalent chromium salt or compound, examples 
include ZnCr04, Cr03, etc. The concentration of zinc ions in the electrolytic solution 
is generally in the range of 0.1 g/1 to 2 g/1, preferably 0.3 g/1 to 0.6 g/1, and more 
preferably 0.4 g/1 to 0.5 g/l. The concentration of chromium ions in the electrolytic 
solution is generally in the range of 0.3 g/1 to 5 g/1, preferably 0.5 g/1 to 3 g/1, and more 
preferably 0.5 g/1 to 1 .0 g/1. 

(00371 In another embodiment, nickel oxide or nickel metal may also be 

deposited by itself or co-deposited with either zinc oxide or chromium oxide, or both. 



lo form separation facilitating layer 29 in the fomi of a stabilization layer. The source 
of nickel ions for the electrolytic solution can be any of the following individually or 
in combination: Ni2S04, NiC03, etc. The concentration of nickel ions in the 
electrolytic solution is generally in the range of about 0.2 g/1 to about 1.2 g/1. 
|0038| In yet another embodiment, separation facilitating layer 29 may take 

the fomi of a stabilization layer containing phosphorous, as is disclosed in U.S. Patent 
No. 5,908,544, and which is expressly incorporated by reference herein. 
[00391 It should be understood that the electrolytic solution can include other 

conventional additives such as Na2S04 at concentrations in the range of 1 g/1 to 50 g/1, 
preferably 10 g/1 to 20 g/1 and more preferably 12 g/1 to 18 g/1. The pH of the 
electrolytic solution is generally in the range of 3 to 6, preferably 4 to 5, and more 
preferably about 4.8 to 5.0. 

[0040] The temperature of the electrolytic solution is generally in the range of 

20°C to lOO^C, preferably 25°C to 45°C, and more preferably from 26°C to 44*'C. 
[00411 hi accordance with yet a further embodiment of the present invention, 

separation facilitating layer 29 takes the fomi of a stabilization layer comprised only 
of chromium oxide. The bath chemistries and process conditions for applying a layer 
of chromium oxide are as follows: 

1 - 10 g/1 Cr03 solution (Preferred 5 g/1 Cr03) 

pH-2 

Bath temperature: 25°C 

10-30 amps/ft^ for 5-10 seconds 

or dip treatment: 1 0 seconds 
[0042] As discussed above, in accordance with a preferred embodiment of the 

present invention, separation facilitating layer 29 is comprised ofchromium oxide and 
zinc oxide by using an electrolytic solution containing zinc and chromium ions, 
separation facilitating layer 29, having a preferred thickness in the range of 5A to 
lOOOA, preferably 20A to 70A, and more preferably 30A to 50A, is applied to carrier 
substrate 12. In the embodiment shown in FIG. 2, anodes 28 are disposed adjacent 
shiny side 14 of earner substrate 12. A separation facilitating layer 29, in the form of 
a stabilization layer comprised of zinc oxide and chromium oxide, is deposited on the 
exposed shiny side 14 of carrier substrate 12 when anodes 28 are energized by a power 
source (not shown). FIG. 4 is a partial cross-sectional view showing carrier substrate 
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12 with separation facilitating layer 29 on shiny side 14. As indicated above, shiny 
side 14 and matte side 16 may be reversed, wherein processing is performed to the 
opposite side, or alternatively processing may be perfomied to both shiny and matte 
sides. 

(00431 For this prefeired embodiment, a current density in the range of 1 

amp/ft- to 100 amps/ft^ preferably 25 amps/ft^ to 50 amps/ft', and more preferably 
about 30 amps/ft^, is created along earner substrate 12. Where multiple anodes are 
employed, the current density may be varied between the anodes. The plating time 
that is used is generally in the range of 1 second to 30 seconds, preferably 5 seconds to 
20 seconds, and more preferably about 15 seconds. In one embodiment, the total 
treatment time on the shiny side is from 3 seconds to 10 seconds. 

[0044J In one embodiment, the mole ratio of zinc ions to chromium ions in the 

electrolytic solution is in the range of 0.2 to 10, preferably 1 to 5, and more preferably 
about 1.4. 

[0045] It should be understood that it is not necessaiy that the copper foil 

undergo process 20 for applying a stabilization layer as part of a continuous 
manufacturing process, as described herein. In this regard, a "pre-stabilized" copper 
foil may be suitably used. 

[0046] It has been recognized that electrodeposition of copper directly onto 

separation facilitating layer 29 is not possible in that separation facilitating layer 29 
formed of metal oxide(s) or organic material(s) will dissolve if immersed into an 
electrolyte (e.g., an acid plating solution containing copper). To prevent dissolution of 
separation facilitating layer 29 in the acid bath, a very thin layer 49 of copper is 
deposited onto separation facilitating layer 29 by a deposition process 40. Copper 
layer 49 is a protective layer to protect separation facilitating layer 29 from being 
dissolved by the electrolyte. 

10047] Deposition process 40 may take the form of a physical vapor deposition 

(PVD) process, a chemical vapor deposition (CVD) process, or a combination thereof, 
such as a combustion chemical vapor deposition (CCVD) process. In a preferred 
embodiment, deposition process 40 is a vacuum deposition process, preferably 
sputtering, as schematically illustrated in FIG. 2. Vapor-deposited copper layer 49 
generally has a thiclcness in the range of 50A to 10,000A (1 ^m), and preferably in a 
range of 1,000A to 2,000A. It has been found that by adjusting the sputtering 



parameter of the sputter machine, the releasabihty of the copper sputtered thereon can 
be controlled to improve the releaseability of the copper that is later built on it. 
|0048| The desired thickness of vapor-deposited copper layer 49 is sufficient 

to protect separation facilitating layer 29 during a subsequent electrodeposition 
process. As discussed above, vapor-deposited copper layer 49 functions to protect 
separation facilitating layer 29 from dissolving before copper can be deposited thereon 
during a subsequent electrodeposition process. It is preferable to minimize the amount 
of vapor-deposited copper needed to meet the foregoing objectives, while maximizing 
the amount of copper applied by an electrodeposition process, since electrodeposition 
of copper is less costly than vapor deposition of copper. 

[0049] As seen in FIG. 2, carrier substrate 12 with separation facilitating layer 

29 thereon is conveyed into a deposition chamber designated 42. An electron beam 
gun 44 directs a stream of electrons at a target 46 comprised of a metal (i.e., copper) 
such that metallic species are knocked loose and deposited onto a surface of earner 
substrate 12. In the embodiment shown, the deposition process applies copper onto 
the shiny side of carrier substrate 12. In the embodiment shown, a single target 46 is 
illustrated. As will be appreciated, multiple targets may be used. FIG. 5 is a partial 
cross-sectional view showing carrier substrate 12 with separation facilitating layer 29 
and vapor-deposited copper layer 49 thereon. 

[0050] It will be appreciated that copper layer 49 can be applied to a separation 

facilitating layer 29 fomied on either the shiny side, matte side, or both shiny and 
matte sides of carrier substrate 12. 

[0051] Following process 20 and vapor deposition process 40, carrier substrate 

12 undergoes an electrodeposition process, designated 50. Carrier substrate 12 is 
directed into a tank 52 and around a guide roll 54. Carrier substrate 12 is positioned 
relative to guide roll 54 by guide rollers 56. Tank 52 contains an electrolytic solution 
comprising copper ions. Anodes 58 are disposed adjacent to carrier substrate 12 to 
apply a current density to carrier substrate 12. An electrodeposited copper layer is 
deposited onto vapor-deposited copper layer 49 when anodes 58 are energized by a 
power source (not shown). FIG. 6 is a partial cross-sectional view showing carrier 
substrate 12 with separation facilitating layer 29, vapor-deposited copper layer 49, and 
electrodeposited copper layer 59 thereon. 
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100521 In accordance with a prefeiTcd embodiment, the copper is plated onto 

carrier substrate 12 using any convenient copper-plating electrolyte, such as copper- 
sulfate plating solution (electrolyte). In a prefeiTed embodiment, a copper-sulfate 
plating solution contains 50g/I to 120 g/1 Cu^\ and preferably about 70 g/1 Cu'"%and 20 
g/1 to 80 g/1 H2SO4, and preferably 30 g/1 to 40 g/1 H2SO4- The copper-plating 
electrolyte is preferably free of additives, but may include such additives as chloride, 
glue, polyethylene oxides, thiourea, and the like. These additives may be used to 
enhance the qualities and properties of copper electrodeposits. The copper in the 
electrolyte may be in the fomi of copper sulfate, copper cyanide, copper phosphate, 
copper sulfamate, and the like. It should be understood that the electrolyte described 
above is by way of example and not limitation. In this respect, the composition and 
concentrations of the electrolyte may vary. 

[0053] Copper is preferably electrodeposited onto carrier substrate 12 for a 

sufficient amount of time to fomi an electrodeposited copper layer 59 having a 
thickness of I i.mi to 35 |.im, preferably l)am to 5|am, and more preferably about 3 ^im, 
on top of the vapor-deposited copper. In a preferred embodiment, copper is 
electrodeposited at a current density of 100 amps/ft" to 500 amps/ft^, and more 
preferably 200 amps/ft" to 300 amps/ft^ 

[0054] It is preferable that the plating solution be at a temperature in the range 

of 110°F to 150°F, and preferably at 120°F to 130°F. This relatively low solution 
temperature results in a lower reaction rate of the electrolyte on the vapor-deposited 
copper during the electrodeposition process. In this regard, it has been recognized that 
a low plating bath temperature reduces the acid etching of the vapor-deposited copper 
layer. Relatively high current density and low plating temperature increase the 
interface stress between the copper layer and caiTier substrate, and improves the 
releaseability. 

[0055] It should be appreciated that after the copper electrodeposition process, 

carrier substrate 12 may optionally undergo further conventionally-known treatments, 
including but not limited to, adhesion promoting treatments, themial barrier layer 
treatments, stain proofing treatments, and resin resistant coating treatments. The 
adhesion promoting treatments may include, by way of example and not limitation, a 
nodular treatment to add nodules to the surface of the electrodeposited copper, thus 
increasing the surface area for bonding to laminate resins, and surface roughening 
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treatments. Another adhesion promoter includes, but is not limited to, silane. The 
thermal hairier layers include, but are not limited to brass, zinc, indium, or the like. 
The stain proofing treatments include, but are not Hniited to zinc and/or chromate. A 
resin resistant coating may also be applied to thin plated copper surfaces. 
|0056| Furthennore, it should be appreciated that in addition to the steps 

illustrated in FIG. 2, cleaning (e.g., to remove oxide film) and drying processes may 
also be included, as is well known to those skilled in the art. For, instance, following 
process 20, carrier substrate 12, with separation facilitating layer 29, may undergo a 
rinse process, wherein water is sprayed onto the surfaces of carrier substrate 12 to 
rinse and clean the same and to remove any residual electrolytic solution therefrom. 
Thereafter, earner substrate 12 may undergo a drying process, wherein forced air 
dryers 62 are disposed above and below carrier substrate 12 to direct air onto carrier 
substrate 12 to dry the surface thereof 

(00571 The resultant product from vapor deposition process 40 and 

electrodeposition process 50 is a copper layer 60, comprised of a vapor-deposited 
copper layer portion (layer 49) and an electrodeposited copper layer portion (layer 59). 
In general, the vapor-deposited copper layer portion (layer 49) is virtual 
indistinguishable from the electrodeposited copper layer portion (layer 59). Copper 
layer 60 is separable from carrier substrate 12 at separation facilitating layer 29. In this 
regard, separation facilitating layer 29 is split between copper layer 60 and carrier 
substrate 12. Accordingly, after separation, separation facilitating layer 29 will be 
found on copper layer 60 and carrier substrate 12. 

[0058] In use, a laminate component comprised of a carrier substrate 12 with 

stabilizer layer 29, a vapor-deposited copper layer 49, and an electrodeposited copper 
layer 59, undergoes a laminating process wherein the copper layer 60 is placed upon a 
dielectric and is bonded thereto, as is well known to those skilled in the art. The 
dielectric layer typically takes the form of a partially cured epoxy resin containing 
woven glass fibers (such a dielectric layer is conventionally referred to as a 
"prepreg")- The copper foil/dielectric composite is subjected to heat and pressure 
sufficient to cure the prepreg and fonii the composite into a laminate. The release 
strength between copper layer 60 and carrier substrate 12 is preferably less than 0.2 
lb/in after lamination. Once the copper layer 60 is secured to the dielectric, carrier 
substrate 12 may be peeled away from copper layer 60, with carrier substrate 12 



separating at separation facilitating layer 29. As indicated above, separation 
facilitating layer 29 will be divided between carrier substrate 12 and copper layer 60. 
It should be understood that vapor deposition onto the matte side of the carrier 
substrate imparts a dull, matte, or satin finish to the exposed side of the circuit foil 
after earner removal. 

10059) Other modifications and alterations will occur to others upon their 

reading and understanding of the specification. It is intended that all such 
modifications and alterations be included insofar as they come within the scope of the 
invention as claimed or the equivalents thereof. 



